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Abstract: Two main apple growing provinces (Van and Malatya) of East Anatolia were surveyed for the presence of the Apple mosaic
virus (ApMV). Dot-blot hybridization and RT-PCR tests were implemented to investigate the incidence of ApMV, testing a total of 481
samples collected from commercial apple orchards. Digoxigenin-labeled RNA probes of the ApMV were synthesized from the cloned
PCR products and applied in dot-blot hybridization to detect the virus in RNA extracts isolated from fresh leaf tissues. A validated
RNA probe (dot-blot) hybridization method was adopted to investigate the presence of ApMV infections in the apple orchards of East
Anatolia. In order to determine the most suitable mass extraction methods and to ascertain the presence of virus, 3 RNA preparation
procedures (QIAGEN RNA extraction kit, silica capture, and citric buffer) were tested. Among the tested extraction methods, silica
capture was determined as the most suitable extraction method for dot-blot hybridization assays. ApMV was found in the surveyed
locations with an average incidence of 0.8%. The infected trees showed apparent disease symptoms on the leaves of apple trees. The
coat protein (CP) genes of 2 viral isolates selected from Malatya (ApMV-G and ApMV-M) were cloned and their complete nucleotide
sequences and deduced amino acids were determined (GenBank acc. nos. JX155668 and JX155669). The CP cistron of the ApMV-G and
M isolates contained 224 amino acid residues. Phylogenetic trees based on nucleic acid sequences were constructed by the neighborjoining and the unweighted pair-group mean arithmetic methods with 100 bootstrap replicates. The CP sequence of ApMV-G and
ApMV-M varied among the 21 isolates, with overall identity ranging from 88% to 99% and ranging from 91% to 99% at the nucleotide
level.
Key words: Apple mosaic virus, Eastern Anatolia, molecular hybridization, RT-PCR, survey

1. Introduction
Apple (Malus domestica Borkh.), one of the most widely
grown fruit crops worldwide, is a sensitive host to the
infection of Apple mosaic virus (ApMV), which is an
economically important and common pathogen in
commercial apple cultivars (Campbell 1963; Posnette et al.
1963). The virus has no vector and is not pollen- or seedborne (Rybicki 1995).
ApMV is a member of subgroup III of the Ilarvirus
group (family Bromoviridae) with a positive-sense
tripartite RNA genome. RNA3 codes for the movement
protein and the capsid protein (CP) (Francki et al. 1991).
It occurs as isometric or quasi-isometric labile particles
and often produces ringspot and mosaic symptoms on
hosts (DeSequeira 1967). ApMV is present worldwide,
preferentially on woody hosts such as blackberry,
raspberry, apple, apricot, cherry, almond, plum, peach,
hazelnut, roses, and hop (Brunt et al. 1996). ApMV has
also been reported in mountain ash (Sorbus aucuparia),
* Correspondence: hmsipahi@yyu.edu.tr

silver birch (Betula pendula), horse chestnut (Aesculus
hippocastanum), and red horse chestnut (A. × carnea)
(Polak et al. 1997). The virus does not occur in seedling
rootstocks and is not pollen-borne. In a recent study,
ApMV was found to infect the weeds naturally (Arlı
Sökmen et al. 2005). In Turkey, the molecular detection
of ApMV was performed for the first time by Ulubaş
and Ertunç (2003). The coat protein gene of ilarviruses is
translated from RNA4, a subgenomic messenger derived
from the bicistronic RNA3. The coat protein of ilarviruses
forms the shell for the 3 genome components. It also plays
a major role in initiation and propagation of infection
(Bol 1999; Petrzik and Lenz 2002). The virus is on the
quarantine list of the European and Mediterranean Plant
Protection Organization.
Since no information was available on genetic variability
and the incidence of ApMV in East Anatolia, these issues
were addressed in the present study. To determine optimal
conditions for dot-blot hybridization, 3 different RNA
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extraction methods were compared. The sensitivity and
specificity of 3 tested methods were evaluated for the
applicability to dot-blot hybridization for diagnosis and
screening of the virus. The genetic relationships between
complete CP sequences of 2 Turkish ApMV isolates and
gene sequences from different ApMV isolates available in
the GenBank database were evaluated.
2. Materials and methods
2.1. Source of positive control
A field grown apple (Malus sylvestris Mill.) isolate of
ApMV, identified from preliminary tests, was used as a
positive source for diagnosis of ApMV. The infected tree
was maintained in the experimental field of Yüzüncü Yıl
University and served as a virus source during the trials.
Leaf tissues of systemically infected M. sylvestris were
used in dot-blot hybridization and reverse transcriptase
polymerase chain reaction (RT-PCR) tests.
2.2. Collecting samples
Field surveys were performed in the main apple growing
areas of Malatya and Van provinces of East Anatolia to
assay for ApMV (Figure 1). Samples were collected mainly
from commercial orchards and nurseries. Of the 27 apple
orchards inspected, 5 were in Malatya Province and 22
were in Van Province. In general, the selection of orchards
and the collection of apple samples were done in relation
to the relative importance of the geographical distribution.
One-year-old twigs were collected from May to July in
2010 and 2011 and were stored at 4 °C. Leaf tissues of
these twigs were analyzed within 1 week. A total of 481
samples from symptomatic and asymptomatic apple trees
were randomly collected, and the RNA was extracted from
fresh leaf tissues.
2.3. Construction of an ApMV specific clone and in vitro
transcription of digoxigenin-labeled RNA probe
The virus isolate was generated by RT-PCR
by using genome specific primers (92D9up
5’-GGCCATTAGCGACGATTAGTC-3’ and 1425re
5’-ATCGGCAAAGTCAATGTTGAC-3’)
generating
a 382-bp DNA fragment (Petrzik 2005). The PCR
products were subsequently inserted into the pGEM-T
Easy Vector (Promega) following the instructions of the
manufacturer in order to generate DIG-labeled RNA
probes. Recombinant plasmids were digested with SacI
and transcribed with SP6 RNA polymerase in the presence
of DIG-11-UTP (Roche Inc.) to obtain digoxigenin (DIG)labeled viral riboprobes. The labeled transcripts of ApMV
were used as probes in molecular hybridizations.
2.4. Validation of total RNA extraction method and dotblot hybridization
Three RNA preparation methods (a commercial RNA
extraction kit (QIAGEN), and silica-capture and citric
buffer methods) were adopted from previously reported
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RNA extraction procedures (Foissac et al. 2001; Sipahioglu
et al. 2006). Diluted RNA extracts (1:1, 1:20, and 1:50)
from fresh leaf tissue were applied to positively charged
nylon membrane by using a dot-blot apparatus (SciePlas Ltd., UK.). The nucleic acids were further bound by
ultraviolet light exposure for 3 min. Prehybridization was
carried out for 2 h at 56 °C in 50% deionized formamide,
5X SSC (1X SSC = 0.15 M NaCl, 0.015 M sodium citrate,
pH 7.0), 0.1% (w/v) N-lauroylsarcosine, 0.02% (w/v) SDS,
and 5% (w/v) blocking reagent (Roche). The hybridization
was carried out with 20 mL of hybridization mixture
containing a digoxigenin-labeled RNA probe denatured
by heating at 70 °C for 2 min and incubated overnight
at 56 °C. After hybridization the membrane was washed
twice in 2X SSC and 0.1% SDS at room temperature for 5
min and twice in 0.1X SSC and 0.1% SDS at 68 °C for 15
min. Binding to antidigoxigenin Fab fragments conjugated
to alkaline phosphatase (Roche Inc.) and subsequent
chemiluminescent detection using CSPD (Roche Inc.) as
the substrate were used to detect the hybridized probe
(Pallas et al. 1998).
2.5. RNA extraction for PCR amplification
RNA extraction was carried out according to the silicacapture method from fresh leaf tissues as described by
Foissac et al. (2001). The RT-PCR assay was carried out
in a 2-step procedure as described by Sipahioglu et al.
(2006). A pair of gene-specific primers (ApMV-F-5’ATCGTCTGCAAGTACTGCAAT-3’ and ApMV-R-5’TCATAATTCTAACAAATC-3’) were designed and used
for the detection of ApMV isolates, generating a 672-bp
genome fragment.
2.6. Cloning and sequencing of complete CP of ApMV
isolates
Two selected isolates from Malatya Province showing
obvious mosaic symptoms on apple trees were named
ApMV-G and ApMV-M. The CP of ApMV-G and -M
isolates were generated by RT-PCR by using the end-toend primers (ApMV-HindIII-F-5’-CAGTAAGCTTATC
GTCTGCAAGTACTGCAAT-3’, ApMV-Pst I-R-5’-CA
GTCTGCAGTCATAATTCTAACAAATC-3’) designed
to encompass the unique endonuclease restriction sites
HindIII and PstI (underlined) and an additional 4 unrelated
residues at their 5’ ends (italicized). The PCR products
were separated on a 1.5% agarose gel and recovered by
using a commercial kit (Isolate PCR and Gel Kit, Bioline)
according to the instructions of the manufacturer. The
purified DNA fragments and the plasmid vector (pSPT18,
Roche Inc.) were treated with restriction enzymes.
Ligation was performed between the 672-bp insert and
the linearized vector to transform into Escherichia coli MJ
109. The cDNA clones were sequenced by automated DNA
sequencer (Applied Biosystems) at İontek Research and
Biotechnology Company (Turkey).
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2.7. Determination of sequence homology and
phylogenetic analysis
The accession numbers of the ApMV isolates used for
comparisons are given in Table 1. Multiple sequence
alignments and phylogenetic trees were produced according
to the neighbor-joining and unweighted pair-group mean
arithmetic (UPGMA) methods using the default settings
of either CLC Main Workbench 6.5 Software (CLC Bio,
Denmark) or Vector NTI Software (Invitrogen, USA). One
hundred bootstrapped data sets were generated to estimate
the statistical significance of the branching.
3. Results
3.1. Results of survey and molecular hybridization tests
More than 11,000 trees were individually inspected in the
surveyed apple orchards and nurseries and 481 samples
were randomly collected during the surveys. The observed
orchards were homogeneous and the trees were vigorous
and evidently free of symptoms in Van Province. However,
the disease symptoms were prevalent in one orchard of
Malatya Province. Severe mosaic symptoms were observed
on the leaves of the affected trees (Figure 1).

Figure 1. Bright yellow patches and mosaic symptoms observed
on the leaves of apple caused by ApMV in Malatya.

The results of this study show that RNA extraction with
the silica-capture method yielded the highest concentration of total RNA, with significant differences among these
3 methods tested, in the detection of final hybridization
signals. The quality of RNA extracted with the QIAGEN
RNA extraction kit and citric buffer was significantly lower than that with silica capture (Figure 2). Therefore, total RNA extraction using silica particles was preferred for
routine detection of ApMV infections.

Table 1. ApMV virus isolates examined in this work, host species, country of origin, and accession numbers of ApMV-G and -M isolates
and genomic sequences available in databases. The isolates studied are bolded.
Virus/isolate
Country
name		

GenBank accession
Year
number		

Source of isolate
(Scientific name)

Size

ApMV/Kashmir

India

FN435315

2011

Malus domestica

689 bp

ApMV
ApMV
ApMV/KMi2
ApMV
ApMV
ApMV
ApMV
ApMV
ApMV/M003
ApMV/LV-m101
ApMV/LV-m804
ApMV
ApMV
ApMV
ApMV
ApMV-G
ApMV-F
ApMV-M
ApMV
ApMV
ApMV

India
USA
China
USA
Korea
Korea
Czech Republic
Czech Republic
Brazil
Latvia
Latvia
Ukraine
China
Turkey
Turkey
Turkey
Turkey
Turkey
Germany
Australia
Australia

FN435314
U15608
AM490197
L03726
AY125977
AF548367
AY542545
AY542543
GQ131805
HQ609550
HQ609546
FJ752493
HM163158
HM245751
GU939610
JX155668
JX155670
JX155669
S78319
AF473594
AF473591

2011
1996
2007
1996
2002
2002
2005
2005
2009
2011
2011
2009
2010
2010
2010
2012
2012
2012
1995
2002
2002

Malus domestica
Malus domestica
Malus domestica
Malus domestica
Malus domestica cv. Fuji
Malus domestica cv. Fuji
Pyrus communis
Pyrus communis
Malus domestica cv. Fuji
Malus domestica
Malus domestica
Malus domestica
Malus domestica
Hazelnut (Corylus avellana)
Malus domestica
Malus domestica
Malus domestica
Malus domestica
Malus domestica
Hop (Humulus lupulus)
Hop (Humulus lupulus)

689 bp
2056 bp
2094 bp
944 bp
764 bp
694 bp
672 bp
672 bp
672 bp
397 bp
397 bp
389 bp
476 bp
803 bp
221 bp
672 bp
674 bp
672 bp
657 bp
642 bp
642 bp
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CK

CBM

SCM
Dilutions
1:1
1:20
1:50
NC
PC

Figure 2. Validation of dot-blot hybridization test with 3 RNA
preparation methods. The tests were carried out with 2 replicates
and 3 dilutions. CK: commercial kit (QIAGEN), CBM: citric
buffer method, SCM: silica-capture method, NC: negative
control, PC: positive control.

Several dilutions of the purified ApMV RNA were
applied to a positively charged nylon membrane to
determine the sensitivity for detecting the virus by dotblot hybridization. The results showed that the sensitivity
for detecting the silica-based RNA extractions of infected
leaves was down to 1:20. As shown in Figure 2, probes were
hybridized only with diluted RNA preparations but not
with healthy extraction (NC), indicating its specificity. No
hybridization signals were obtained when a commercial kit
for RNA purification (QIAGEN) or citric buffer methods
were used.
In the present study, molecular detection methods
for the screening of ApMV in cultivated apple trees were
implemented. For the samples collected from Van Province
in 2010, molecular hybridization and RT-PCR techniques
were implemented. In this work, the RT-PCR technique
was applied for those plants collected from Malatya
Province in 2011. A total of 440 apple samples collected

from commercial fields and nurseries in Van Province
(Table 2) were tested by dot-blot molecular hybridization.
No positive hybridization signals were obtained from any
of the symptomless apple leaves. Positive hybridization
signals were obtained only from ApMV-infected positive
control plant samples (Figure 2). Five percent of apple
samples collected from Van Province were tested through
RT-PCR. No samples had a positive reaction in the RTPCR tests. However, ApMV was detected by RT-PCR in
4 samples surveyed in Malatya with an infection rate of
9.7%.
3.2. Sequence analysis of cloned PCR products
The complete CP genes of 2 selected ApMV isolates
(ApMV-G and ApMV-M) were cloned and sequenced
in the pSPT18 vector by using a pair of end-specific
primers. The CP gene of both isolates consisted of 672 nts
encoding 224 amino acid residues. The analysis involved
the ApMV CP nucleotide and amino acid alignments and
construction of neighbor-joining (Saitou and Nei 1987)
and UPGMA phylogenetic trees based on these alignments.
BLAST analysis of the sequenced CP gene (GenBank acc.
nos. JX155668 and JX155669) of the ApMV-G isolate
revealed that the highest shared identity (99%) was with
an ApMV-M isolate collected from the Malatya Province,
indicating that it could be the same isolate infecting the
neighboring 3.
Genetic comparison of the CP gene of Turkish isolates
showed that they are closely related to the respective
gene sequence of other ApMV isolates from different
sites of the world. In particular, the CP gene of ApMV
showed a percentage of homology higher than 96% to
the corresponding gene of 9 Indian isolates of the ApMV.
Pairwise comparisons of the nucleotide sequences gave
identities ranging from 88% to 99%. To compare the
molecular variation of the ApMV Turkish isolates with
that of other ApMV world isolates, a further phylogenetic
analysis of the CP amino acid sequences of ApMV was
performed. Comparison of the amino acid sequences gave
identities ranging from 87% to 98%.

Table 2. ApMV incidence in Van and Malatya provinces, as determined by dot-blot molecular hybridization and RT-PCR assays.
Samples tested by molecular hybridization or RT-PCR are indicated by “+”.
		

Tests applied to apple samples

Province

No. of orchards

Tested/infected

Molecular hybridization

RT-PCR

Infection (%)

Malatya
Van

5
22

41/4
440/0

+

+
+*

9.7
0

Total

27

481/4		

*: 5% of collected samples were subjected to RT-PCR testing.
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On the basis of the CP amino acid sequences, the
phylogenetic relationships among the isolates followed
a pattern similar to that observed for the CP nucleotide
sequences. Based on the neighbor-joining relationship, 2
branches can be clearly recognized on the phylogenetic
tree created from nucleotide (Figure 3a) and amino acid
(Figure 3b) sequences. As seen in Figure 3a and 3b, the
topologies of the 2 trees are very similar.

The ApMV-G isolate is 672 nt long, as is the ApMV-M
isolate, and it differs from the ApMV-M isolate in having a
G substitution between nucleotides 633 and 634, as shown
in Figure 4 (black arrow).
The UPGMA method was used to construct the
evolutionary phylogenetic tree, selecting 100 bootstrap
replicates. In the phylogenetic tree, our isolates grouped
with German, Brazilian, Indian, Latvian, and other Turkish

(a)

(b)

Figure 3. Neighbor-joining relationship dendrograms of the coat protein nucleotide (a) and amino acid (b) sequences of ApMV-G and
-M isolates and geographically diverse ApMV isolates. Trees were generated using the default parameters of CLC Main Workbench 6.5
Software. The scale bar represents a genetic distance of 1.500 and 2.000 for the horizontal branch lengths of nucleotide and amino acids,
respectively. Sequences used in this analysis are given in Table 1. Bootstrap values are shown (100 replicates).
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Figure 4. Comparison of the nucleotide sequence of ApMV-G (JX155668) and ApMV-M (JX155669) isolates as shown in the aligned
primary structure of their CP gene. Only the region in which the sequence of the isolates differs is given. Black arrow shows the
substitution site.

isolates, all from different sites of the world, suggesting
that they have no geographical relationships (Figures 5a
and 5b). The analysis revealed that both ApMV-CP genes
(ApMV-G and -M) contained 672 nts encoded for coat
protein of about 25.6 kDa and 25.3 kDa, respectively.
4. Discussion
In the present study, the incidence and the nucleotide
sequences of the CP region of 2 selected Turkish isolates
of ApMV from East Anatolia were determined and
analyzed. The present survey, the largest carried out in the
apple orchards of East Anatolia to ascertain the incidence
of ApMV, provides a relatively clear picture. Extensive
surveys were conducted in Van Province, but ApMV was
not detected in any of the samples tested and the surveyed
apple trees were apparently free of symptoms. A low level
of ApMV infection was detected in apple samples from
commercial orchards and nurseries in Malatya (9%). The
reason is not known as to why ApMV was ascertained in
Malatya Province but not in Van Province. Occurrence of
ApMV in apples in Malatya Province has been reported
(Elibüyük and Erdiller 1998). In comparing reports from
other regions of Turkey that record apple infection, rates
of 29% were found in the Black Sea, Mediterranean, and
Marmara regions (Dursunoğlu and Ertunç 2008); 15%
in Southeast Marmara (Uzunoğulları and Ilbaği 2009),
approximately 10% in the East Mediterranean region
(Çağlayan et al. 2006); and 68% in Central Anatolia (Akbaş
and İlhan 2005). The absence of ApMV infections in Van
Province is an enormous advantage for the apple industry
of the region and is probably thanks to the healthy status
of the cultivars and the lack of importation of propagation
material from other countries. However, the presence
of ApMV infections in Malatya Province constitutes a
potential threat for the apple-growing in Van Province.
Several RNA extraction methods have been used for
the extraction of viral RNAs from infected plant samples.
Besides the purification of high-quality RNAs, numerous
commercial kits have appeared on the market in the last
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decade. There is no study, however, evaluating the efficacy
of these methods and kits for the detection of ApMV by dotblot molecular hybridization from plant samples. Different
RNA preparation methods (including a commercial kit)
were compared to optimize ApMV detection in apple
samples by dot-blot molecular hybridization method.
The results showed that the silica-capture RNA extraction
method appears to be superior for total RNA extraction
and detection by dot-blot hybridization. In a recent
study, we demonstrated that the RNA extraction with the
silica-capture method yielded the highest concentration
of total RNA in detecting several pathogens by RT-PCR
(Sipahioglu et al. 2007; Güner et al. 2012). Loconsole et
al. (2009) compared 3 different methods for the extraction
of Citrus psorosis virus and Citrus variegation virus from
citrus samples. They obtained the best hybridization
signals with total RNAs extracted by the silica-capture
method for both viruses.
The CP sequences of 2 ApMV isolates were determined,
confirming the worldwide distribution of this virus. It is
possible to speculate that phylogenetic analysis of coat
proteins clustered the isolates according to the natural
host range of the virus. Both sequences are more than
88% homologous with those isolates previously reported.
The 2 Turkish ApMV isolates (JX155668 and JX155669)
were more similar to the Indian isolates. Sequence
analysis of the complete CP sequences of 2 Turkish ApMV
isolates showed that both isolates are closely related to
each other in their genomes, demonstrating a common
source of virus. Only 1% nucleotide divergence was
identified between 2 isolates. The complete CP genome
comparison approach has been used to construct the
phylogenetic trees. Phylogenetic analyses on the basis
of the nucleotide and amino acid sequences of ApMV
isolates showed a tendency to generate 2 distinct groups.
Although some discrepancies are visible, the topologies
of both the nucleotide and amino acid trees are in good
agreement. The bootstrap values are strongly in favor of
these findings. Similar findings were observed by Ertunç
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(a)

(b)

Figure 5. Phylogenetic tree created by UPGMA method showing evolutionary relationship of the Turkish ApMV isolates with other
ApMV isolates by using nucleotide (a) and amino acid (b) sequences of the CP gene. Numbers at the nodes of the branches indicate the
bootstrap values (100 replicates). Sequences used in this analysis are given in Table 1.

et al. (2011). Based on phylogenetic analysis of ApMV
isolates from Turkey and Ukraine, 2 main groups (Turkish
and Ukrainian) were observed. Likewise, the amino acid
sequence of the coat protein of the German ApMV isolate
from Prunus mahaleb was found to be different from that
of the United States apple isolates (Alrefai et al. 1994; Shiel
et al. 1995).
The present study provides a basis for future ApMV
research of temperate fruits in Turkey. Our results clearly
confirm that the virus was not present in Van. Therefore,
efforts should be made to avoid the introduction of
ApMV into Van and neighboring provinces. To reduce

the incidence and the spread of ApMV infections from
Malatya to other provinces, an internal quarantine and
a clean stock program should be implemented. The full
sequence of the ApMV-CP from Turkey was similar to
those of world isolates, suggesting genetic stability in the
agent.
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